INTRODUCTION
Carbonyl sulfide (COS) has been reported to be present in the gas phase of cigarette smoke in a concentration of 20-40 11g/cigarette (5, 11) or 150-500 11glcigarette (10) .
We have for someyearsbeenperformingselective exposure experiments on rabbits for the study of the histotoxic lung effect and the atherogenic effect of gas phase corn~ ponents of tobacco smoke (6, 7, 8) ; the methods reported here to determine COS in air at concentration levels of up to 120 ppm were developed for use in our exposure studies with COS (9) . 11tese methods comprise: mass spectrometry (MS), gas chromatographic separation and electron capture detector method (GC/ECD), and measurements by a Beckman carbon monoxide infra-red analyzer (B-CO). In the present study, GCIECD appeared to be suited to the measurement of the COS content, both in mainstream and sidestream smoke from cigarettes; these measurements are reported here.
MATERIAL AND METIIODS
An airtight exposure chamber with a volume of about 10 m3 (1) was used to obtain air with different COS concentrations. COS was delivered from a gas cylinder, passed through a rotameter and mixed with atmospheric air immediately before the entrance to the chamber. A constant flow rate of COS and atmospheric air was maintained for 24 hours before air/gas samples were drawn from the middle of the interior of the chamber, by means of a reciprocator-type pump, for the determination of the COS concentration.
Mass Spectrometry
A Varian MAT CH 50 mass spectrometer equipped with a gas inlet system was used. The signals were detected by an electron multiplier. The temperature of the gas inlet system was 130 °C and the ion source 200 °C. Ionizing energy was 70 eV with 100 !1A trap current. Resolution was approximately 1000. The gas samples were transferred from the exposure dtamber to the mass spectrameter in 100 ml glass pipettes with stopcocks greased with Apiezon N. The mass spectra were obtained on an UV recorder (Fig. 5) , whereas the two masses rnle 36 and rnle 60 corresponding to 31 Ar and the molecular ion of COS respectively were registered on a Honeywell recorder. The stable isotope MAr at a concentration of 31.5 ppm in dry air (3) was used as internal standard.
Gas Chromatography
A 1 m stainless steel column (2 mm inside diameter), packed with Porapak QS (80-100 mesh), was connected to a Perkin-Elmer electron capture detector ( 113 Ni). High purity nitrogen was used as carrier gas with a flow rate of 50 mVmin. The system was operated at room temperature. A gas sample of 200 ~ was injected by a Hamilton syringe through a silicone septum. The system was calibrated with samples of air containing a known amount of ·COS. These were prepared by injecting pure COS into 2 1 volumetric glass flasks with rubber plugs. 
COS Concentration in Cigarette Smoke
Cigarettes were mounted in a single port smoking machine (developed by Artho and Ko<h, placed under a glass globe from which smoke samples could be drawn at the top with a syringe (Fig. 4) .
MeasurementS were performed on three commercial cigarette brands (A : strong, non-filter; B: medium, filter; and C: mild, filter cigarette), and also on three experimental cigarettes commercially produced (Molins Mark SA and 9A machines) from putt, unflavoured tobaccos (0: fluecured; E: sun-cured; and F: air-cured).
RESULTS AND DISCUSSION
A mass spectrum of a gas sample from the exposurechamber containing about 115 ppm COS is shown in Figure 5 . In this fi.gure, the upper half demonstrates the normal mass spectrum. In the case of the SOOO times amplification (low. er half), it is seen that the signals of the mole<:ular ions of COS at m/e 60 and of "Ar (31.5 ppm) at m/e 36 are very suited to determine COS in the range of 1-150 PiPID· The response at m/e 64 is from SO, which is a background impurity in the mass spe<:trometer. Gas samples of air without COS show a background response at m/e 60 corresponding to 10 ppm COS. it is possible) without dilucing the air/gas sample. to estjmate the amount of COS alone ~·ith an absolute certainty of about 5 ppm. To compare the three analytical methods, air/gas samples were taken from the exposure chamber in immediate sequence and subsequently analysed by the B-CO, the GC/ECD and the MS. The resultS are shown in Figure 7 and Table I . Because of the background effect, the COS values obtained by MS have a high degree of uncertainty in the range lower than I 0 ppm, wh.ereas the GC/ECD has a high degree of accuracy in this range ( Figure 6 ). The COS values obtained by the B-CO are not absolute, since this apparatus was calibrated against CO and not against Mass spectrum of an a ir sample containing 115 ppm COS. Comparison of COS concentrations determined by gas cluomatography wHh an electron capture detector (GC/ECD), Beckman CO· meter (B·CO) and mass apectrometry (MS). Regression l·ines are shown 
150
Mass spectrometer: COS In ppm (cf. Table 1 ) . Table 1 . Constants for the regression linea shown In Figure 7 .
Analytical methods
Correlation Gas chromatography with electron capture detector Hoegg (4) has demonstrated that for most of the im· portant constituents of tobacco smoke, the sidestream smoke yields are 3 to 4 times the quantity found in main· stream smoke. Rei:ently Brunnemann et al. (2) 
RESUM!l
On presente trois methodes pour la determination de petites concentrations de sulfure de carbonyle (1-120 ppm): spectrometrie de masse (MS), chromatographic en phase gazeuse avec detecteur de capture d'electrons (GC/ECD) et mesure au moyen d'un analyseur Bedunan infrarouge pour monoxide de carbone (B-CO). Par rapport aux resultau obtenus par spectrometrie de masse, les deux autres methodes donnent des reponses lineaires. On demontre l'applicabilite pratique de la chromatographie en phase gazeuse avec detecteur de capture d'electrons pour la determination de la teneur en sulfure de carbonyle du flux principal et secondaire de la fumk de cigarettes. 11 ressort des re~ultats obtenus que le flux principal contient environ 8 fois plus de sulfure de carbonyle que le flux secondaire.
